Gasoline Sulfur Reduction Using Hydrotalcite Like Compounds 

Field of the Invention 

[0001] The invention generally provides methods for gasoline sulfur reduction using hydrotalcite 
like compounds and using mixed metal oxide compounds. 

[0002] This patent disclosure contains material which is subject to copyright protection. The 
copyright owner has no objection to the facsimile reproduction by anyone of the patent document 
or the patent disclosure, as it appears in the U.S. Patent and Trademark Office patent file or 
records, but otherwise reserves any and all copyright rights. 

Background of the Invention 

[0003] Catalytic cracking is a petroleum refining process that is applied commercially on a very 
large scale. A majority of the refinery gasoline blending pool in the United States is produced by 
this process, with almost all being produced using the fluid catalytic cracking (FCC) process. In 
the catalytic cracking process heavy hydrocarbon fractions are converted into lighter products by 
reactions taking place at elevated temperature in the presence of a catalyst, with the majority of 
the conversion or cracking occurring in the vapor phase. The feedstock is thereby converted into 
gasoline, distillate and other liquid cracking products as well as lighter gaseous cracking 
products of four or less carbon atoms per molecule. The gas partly consists of olefins and partly 
of saturated hydrocarbons. 

[0004] During the cracking reactions some heavy material, known as coke, is deposited onto the 
catalyst. This reduces the activity of the catalyst and regeneration is desired. After removal of 
occluded hydrocarbons from the spent cracking catalyst, regeneration is accomplished by 
burning off the coke to restore catalyst activity. The three characteristic steps of the catalytic 
cracking can be therefore be distinguished: a cracking step in which the hydrocarbons are 
converted into lighter products, a stripping step to remove hydrocarbons adsorbed on the catalyst 
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and a regeneration step to burn off coke from the catalyst. The regenerated catalyst is then 
reused in the cracking step. 

[0005] Catalytic cracking feedstocks normally contain sulfur in the form of organic sulfur 
compounds such as mercaptans, sulfides and thiophenes. The products of the cracking process 
correspondingly tend to contain sulfur impurities even though about half of the sulfur is 
converted to hydrogen sulfide during the cracking process, mainly by catalytic decomposition of 
non-thiophenic sulfur compounds. The distribution of sulfur in the cracking products is 
dependent on a number of factors including feed, catalyst type, additives present, conversion and 
other operating conditions but, in any event a certain proportion of the sulfur tends to enter the 
light or heavy gasoline fractions and passes over into the product pool. With increasing 
environmental regulation being applied to petroleum products, for example in the Reformulated 
Gasoline (RFG) regulations, the sulfur content of the products has generally been decreased in 
response to concerns about the emissions of sulfur oxides and other sulfur compounds into the 
air following combustion processes. 

[0006] One approach has been to remove the sulfur from the FCC feed by hydrotreating before 
cracking is initiated. While highly effective, this approach tends to be expensive in terms of the 
capital cost of the equipment as well as operationally since hydrogen consumption is high. 
Another approach can involve post-treating the cracked products, such as gasoline, after the FCC 
process. While this may be effective, this approach has the drawback that valuable product 
octane may be lost when the high octane olefins are saturated. In yet another approach, an 
additive for sulfur reduction in the regenerator of an FCC unit can be used to reduce sulfur in 
gasoline without having to treat either the feed or cracked products. 

[0007] Thus, there is a need in the art for new and improved methods to reduce the sulfur content 
in gasoline during the FCC process cycle. The invention is directed to this, as well as other, 
important ends. 
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Summary of the Invention 

[0008] The invention provides methods for reducing sulfur in gasoline by adding gasoline sulfur 
reduction additives comprising hydrotalcite like compounds to an FCC unit. The gasoline sulfur 
reduction additives can optionally further comprise one or more metallic oxidants and/or 
supports as described herein. 

[0009] The invention provides methods for reducing sulfur in gasoline by adding gasoline sulfur 
reduction additives comprising calcined hydrotalcite like compounds to an FCC unit. The 
gasoline sulfur reduction additive can optionally further comprise one or more metallic oxidants 
and/or supports. 

[0010] The invention also provides methods for reducing sulfur in gasoline by adding gasoline 
sulfur reduction additives comprising mixed metal oxide compounds, also referred to as 
precursors of hydrotalcite like compounds, to an FCC unit. The gasoline sulfur reduction 
additives can optionally further comprise one or more metallic oxidants and/or supports. 

[0011] These and other aspects and advantages of the present invention are described in more 
detail below. 

Detailed Description of the Invention 

[0012] The present invention relates to hydrotalcite like compounds, optionally comprising 
metallic oxidants and/or supports, having a superior ability to reduce sulfur in gasoline when 
added to an FCC unit. The gasoline sulfur reduction additive of the invention can comprise 
hydrotalcite like compounds and/or collapsed hydrotalcite like compounds made, for example, 
by the following process: 

(a) reacting an aqueous mixture comprising at least one divalent metal compound and 
at least one trivalent metal compound to produce a mixed metal oxide compound in the form of 
an aqueous slurry; 

(b) optionally heat treating the mixed metal oxide compound from step (a) at a 
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temperature up to about 225°C; 

(c) drying the heat-treated compound from step (a) or step (b) to produce one or more 
shaped bodies suitable for use in the reduction of sulfur from gasoline; 

(d) heat treating the shaped bodies from step (c) at a temperature of about 300°C or 
higher to produce one or more calcined shaped bodies; 

(e) hydrating the calcined shaped bodies from step (d) to produce a hydrotalcite like 
compound; and 

(f) optionally heating the hydrotalcite like compound to remove substantially all of 
the interstitial water and/or anions to produce a collapsed hydrotalcite like compound. Step (1) 
can optionally result in the product of hydrotalcite like compounds. Methods for making these 
hydrotalcite like compounds and collapsed hydrotalcite like compounds are described in U.S. 
Patent Nos. 6,028,023 and 6,479,421, the disclosures of which are incorporated by reference 
herein in their entirety. Other methods for making hydrotalcite like compounds are described, 
for example, by Cavani et al, Catalysis Today, 11:173-301 (1991), the disclosure of which is 
incorporated by reference herein in its entirety. 

[0013] In one embodiment, the invention provides a gasoline sulfur reduction additive 
comprising at least one hydrotalcite like compound. The hydrotalcite like compound can be used 
per se (i.e., without any additional materials) as the gasoline sulfur reduction additive. In 
addition, the at least one hydrotalcite like compound can include a support and/or at least one 
metallic oxidant. In another embodiment, the invention provides a gasoline sulfur reduction 
additive comprising at least one hydrotalcite like compound, at least one metallic oxidant, and at 
least one support. 

[0014] Hydrotalcite like compounds are characterized by structures having positively charged 
layers that are separated by interstitial anions and/or water molecules. Exemplary natural 
minerals that are hydrotalcite like compounds include meixnerite, pyroaurite, sjogrenite, 
hydrotalcite, stichtite, reevesite, eardleyite, mannaseite, barbertonite and hydrocalumite. Other 
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hydrotalcite like compounds are described by Cavani, supra. In one embodiment, the 
hydrotalcite like compound can be used per se as the gasoline sulfur reduction additive. 

[0015] The gasoline sulfur reduction additives can comprise any support known in the art. 
Exemplary supports include spinels, magnesia, magnesium acetates, magnesium nitrates, 
magnesium chlorides, magnesium hydroxides, magnesium carbonates, magnesium formates, 
magnesium aluminates, hydrous magnesium silicates, magnesium silicates, magnesium calcium 
silicates, aluminum silicates, bona, calcium silicates, alumina, aluminum titanates, zinc titanates, 
aluminum zirconates, calcium oxides, calcium aluminates, aluminum nitrohydrates, aluminum 
hydroxide compounds (e.g., such as those described on page 9 in ACS Monograph 184, 
Industrial Alumina Chemicals, Misra, Chanakya, 1986, incorporated by reference herein in its 
entirety), aluminum-containing metal oxide compounds (e.g., other than alumina or aluminum 
hydroxide compounds), aluminum chlorohydrates, silicas, silicon-containing compounds other 
than silicas, silica/aluminas, alumina, titania, zirconia, clays (e.g., halloysite, rectorite, hectorite, 
montmorillinite, synthetic montmorillinite, sepiolite, activated sepeolite, kaolin, kieselguhr, 
celite, bastnasite), clay phosphate materials, zeolites (e.g., ZSM-5), and the like. The support can 
comprise one, two, three, four or more of the materials described above. In one embodiment, the 
support is a spinel, magnesium acetate, magnesium nitrate, magnesium chloride, magnesium 
hydroxide, magnesium carbonate, magnesium formate, magnesium aluminate, aluminum 
titanate, zinc titanate, aluminum zirconate, calcium oxide, calcium aluminate, aluminum 
nitrohydrate, aluminum hydroxide compound, aluminum-containing metal oxide compound 
(e.g., other than alumina or aluminum hydroxide compounds), aluminum chlorohydrate, titania, 
zirconia, or a mixture of two or more thereof. 

[0016] The gasoline sulfur reduction additives can comprise one or more metallic oxidants 
known in the art. For example, the metal in the metallic oxidants can be antimony, bismuth, 
cadmium, cerium, chromium, cobalt, copper, dysoprosium, erbium, europium, gadolinium, 
germanium, gold, holmium, iridium, iron, lanthanum, lead, manganese, molybdenum, 
neodymium, nickel, niobium, osmium, palladium, platinum, praseodymium, promethium, 
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rhenium, rhodium, ruthenium, samarium, scandium, selenium, silicon, silver, sulfur, tantalum, 
tellurium, terbium, tin, titanium, tungsten, thulium, vanadium, ytterbium, yttrium, zinc, or a 
mixture of two or more thereof In another embodiment, the metal in the metallic oxidant is 
cerium, platinum, palladium, rhodium, iridium, molybdenum, tungsten, copper, chromium, 
nickel, manganese, cobalt, iron, ytterbium, uranium or a mixture of two or more thereof. In one 
embodiment, the metal in the metallic oxidant is cerium, cobalt, copper, platinum, tungsten, or a 
mixture of two or more thereof. 

[0017] In another embodiment, the invention provides a gasoline sulfur reduction additive 
comprising at least one calcined hydrotalcite like compound and a support. Calcined 
hydrotalcite like compounds can be made by heating a hydrotalcite like compound until 
substantially all (or all) of the interstitial anions and/or water molecules are removed. The 
support can be any known in the art, such as those described above. 

[0018] In another embodiment, the invention provides a gasoline sulfur reduction additive 
comprising at least one calcined hydrotalcite like compound and at least one metallic oxidant, 
where the metal in the metallic oxidant is antimony, bismuth, cadmium, cerium, chromium, 
copper, dysoprosium, erbium, europium, gadolinium, germanium, gold, holmium, iridium, iron, 
lanthanum, lead, manganese, molybdenum, neodymium, nickel, niobium, osmium, palladium, 
platinum, praseodymium, promethium, rhenium, rhodium, ruthenium, samarium, scandium, 
selenium, silicon, silver, sulfur, tantalum, tellurium, terbium, tin, titanium, tungsten, thulium, 
vanadium, ytterbium, yttrium, or a mixture of two or more thereof. In another embodiment, the 
metal in the metallic oxidant is cerium, vanadium, copper, platinum, tungsten, or a mixture of 
two or more thereof. In another embodiment, the metal in the metallic oxidant is cerium and/or 
vanadium. In another embodiment, the metal in the metallic oxidant is copper. In another 
embodiment, the metal in the metallic oxidant is platinum. In this embodiment of the invention, 
the gasoline sulfur reduction additive can further comprise a support, such as those described 
herein. 
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[0019] In another embodiment, the invention provides a gasoline sulfur reduction additive 
comprising at least one calcined hydrotalcite like compound and at least one metallic oxidant in 
an amount of at least 15% by weight, calculated as the oxide equivalent, where the metal in the 
metallic oxidant is antimony, bismuth, cadmium, cerium, chromium, cobalt, copper, 
dysoprosium, erbium, europium, gadolinium, germanium, gold, holmium, iridium, iron, 
lanthanum, lead, manganese, molybdenum, neodymium, nickel, niobium, osmium, palladium, 
platinum, praseodymium, promethium, rhenium, rhodium, ruthenium, samarium, scandium, 
selenium, silicon, silver, sulfur, tantalum, tellurium, terbium, tin, titanium, tungsten, thulium, 
vanadium, ytterbium, yttrium, zinc, or a mixture of two or more thereof. In one embodiment, the 
metal in the metallic oxidant is cerium, vanadium, cobalt, copper, platinum, tungsten, or a 
mixture of two or more thereof. In another embodiment, the metal in the metallic oxidant is 
cerium and/or vanadium. Alternatively, the gasoline sulfur reduction additive can comprise a 
calcined hydrotalcite like compound and one or more metallic oxidants in an amount of at least 
20% by weight, 25% by weight, or 30% by weight, based on the oxide equivalent. In this 
embodiment of the invention, the gasoline sulfur reduction additive can further comprise a 
support, such as those described herein. 

[0020] In another embodiment, the invention provides a gasoline sulfur reduction additive 
comprising at least one hydrotalcite like compound of formula (I) or formula (II): 

(X 2+ m Y 3+ n (OH) 2m+2n )A n/a a "* bH 2 0 (I) 
(Mg 2+ m Al 3+ n (OH) 2m+2n )A n/a a "* bH 2 0 (II) 
where X is magnesium, calcium, zinc, manganese, cobalt, nickel, strontium, barium, copper or a 
mixture of two or more thereof; Y is aluminum, manganese, iron, cobalt, nickel, chromium, 
gallium, boron, lanthanum, cerium or a mixture of two or more thereof; A is CO3, NO3, SO4, CI, 
OH, Cr, I, Si0 3 , HPO3, Mn0 4 , HGa0 3 , HVO4, C10 4 BO3 or a mixture of two or more thereof; a 
is 1, 2 or 3; b is between 0 and 10; and m and n are selected so that the ratio of m/n is about 1 to 
about 10. The hydrotalcite like compound of formula (II) can be hydrotalcite (i.e., 
Mg 6 Al 2 (OH)i 6 C03 # 4H 2 0). Methods for making these hydrotalcite like compounds are described 
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above and in U.S. Patent Nos. 6,028,023 and 6,479,421, the disclosures of which are 
incorporated by reference herein in their entirety. In one embodiment, the hydrotalcite like 
compound of formula (I) or formula (II) can be used per se as the gasoline sulfur reduction 
additive. 

[0021] In another embodiment, the invention provides a gasoline sulfur reduction additive 
comprising at least one hydrotalcite like compound of formula (I) or formula (II) and a support, 
wherein the support is as described herein. In one embodiment, the support is a spinel, 
magnesium acetate, magnesium nitrate, magnesium chloride, magnesium hydroxide, magnesium 
carbonate, magnesium formate, magnesium aluminate, aluminum titanate, zinc titanate, 
aluminum zirconate, calcium oxide, calcium aluminate, aluminum nitrohydrate, aluminum 
hydroxide compound, aluminum-containing metal oxide compound (e.g., other than alumina or 
aluminum hydroxide compounds), aluminum chlorohydrate, titania, zirconia, clay (e.g., 
halloysite, rectorite, hectorite, montmorillinite, synthetic montmorillinite, sepiolite, activated 
sepeolite, kaolin), clay phosphate material, zeolite, or a mixture of two or more thereof. In this 
embodiment of the invention, the gasoline sulfur reduction additive can optionally further 
comprise one or more metallic oxidants. 

[0022] In another embodiment, the invention provides a gasoline sulfur reduction additive 
comprising a hydrotalcite like compound of formula (I) or formula (II) and one or more metallic 
oxidants. The metal in the metallic oxidants can be antimony, bismuth, cadmium, cerium, 
chromium, cobalt, copper, dysoprosium, erbium, europium, gadolinium, germanium, gold, 
holmium, iridium, iron, lanthanum, lead, manganese, molybdenum, neodymium, nickel, 
niobium, osmium, palladium, platinum, praseodymium, promethium, rhenium, rhodium, 
ruthenium, samarium, scandium, selenium, silicon, silver, sulfur, tantalum, tellurium, terbium, 
tin, titanium, tungsten, thulium, vanadium, ytterbium, yttrium, zinc, or a mixture of two or more 
thereof. In another embodiment, the metal in the metallic oxidant is cerium, vanadium, 
platinum, palladium, rhodium, iridium, molybdenum, tungsten, copper, chromium, nickel, 
manganese, cobalt, iron, ytterbium, uranium or a mixture of two or more thereof. In one 
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embodiment, the metal in the metallic oxidant is cerium, cobalt, copper, platinum, tungsten, or a 
mixture of two or more thereof. In this embodiment of the invention, the gasoline sulfur 
reduction additive can optionally further comprise a support. 

[0023] In another embodiment, the invention provides a gasoline sulfur reduction additive 
comprising a hydrotalcite like compound of formula (III) or formula (IV): 

(X 2+ m Y 3+ n (OH) 2m+2n )OH n "* bH 2 0 (III) 

(Mg 2+ m Al 3+ n (OH) 2m+2n )OH n "* bH 2 0 (IV) 
wherein X is magnesium, calcium, zinc, manganese, cobalt, nickel, strontium, barium, copper or 
a mixture of two or more thereof; Y is aluminum, manganese, iron, cobalt, nickel, chromium, 
gallium, boron, lanthanum, cerium or a mixture of two or more thereof; b is between 0 and 10; 
and m and n are selected so that the ratio of m/n is about 1 to about 10. In one embodiment, the 
compound of formula (IV) is Mg6Al 2 (OH)i 8 *4.5H 2 0. The hydrotalcite like compounds of 
formula (III) or formula (IV) can contain minor amounts of anionic (e.g., CO3) impurities. 
Methods for making these hydrotalcite like compounds are described in U.S. Patent Nos. 
6,028,023 and 6,479,421, the disclosures of which are incorporated by reference herein in their 
entirety. In one embodiment, the hydrotalcite like compound of formula (III) or formula (IV) 
can be used per se as the gasoline sulfur reduction additive. 

[0024] In another embodiment, the invention provides a gasoline sulfur reduction additive 
comprising a hydrotalcite like compound of formula (III) or formula (IV) and a support, such as 
those described herein. 

[0025] In another embodiment, the invention provides a gasoline sulfur reduction additive 
comprising a hydrotalcite like compound of formula (III) or formula (IV) and one or more 
metallic oxidants. The metal in the metallic oxidants can be antimony, bismuth, cadmium, 
cerium, chromium, cobalt, copper, dysoprosium, erbium, europium, gadolinium, germanium, 
gold, holmium, iridium, iron, lanthanum, lead, manganese, molybdenum, neodymium, nickel, 
niobium, osmium, palladium, platinum, praseodymium, promethium, rhenium, rhodium, 
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ruthenium, samarium, scandium, selenium, silicon, silver, sulfur, tantalum, tellurium, terbium, 
tin, titanium, tungsten, thulium, vanadium, ytterbium, yttrium, zinc, or a mixture of two or more 
thereof. In another embodiment, the metal in the metallic oxidant is cerium, vanadium, 
platinum, palladium, rhodium, iridium, molybdenum, tungsten, copper, chromium, nickel, 
manganese, cobalt, iron, ytterbium, uranium or a mixture of two or more thereof. In one 
embodiment, the metal in the metallic oxidant is cerium, vanadium, cobalt, copper, platinum, 
tungsten, or a mixture of two or more thereof. In this embodiment of the invention, the gasoline 
sulfur reduction additive can optionally further comprise a support. 

[0026] In another embodiment, the invention provides a gasoline sulfur reduction additive 
comprising a hydrotalcite like compound having an XRD pattern which has a 2 theta peak 
position that reasonably resembles, or is nearly identical to, that found in ICDD card 35-965; 
ICDD Card No. 22-0700; ICDD Card No. 35-1275; or ICDD Card No. 35-0964. In one 
embodiment, the hydrotalcite like compound has an XRD pattern which has a 2 theta peak 
position that reasonably resembles, or is nearly identical to, that found in ICDD card 35-965. 
Methods for making these hydrotalcite like compounds are described above and in U.S. Patent 
Nos. 6,028,023 and 6,479,421, the disclosures of which are incorporated by reference herein in 
their entirety. In one embodiment, the hydrotalcite like compound having an XRD pattern 
which has a 2 theta peak position that reasonably resembles, or is nearly identical to, that found 
in ICDD card 35-965; ICDD Card No. 22-0700; ICDD Card No. 35-1275; or ICDD Card No. 
35-0964, can be used per se as the gasoline sulfur reduction additive. 

[0027] In another embodiment, the invention provides a gasoline sulfur reduction additive 
comprising a hydrotalcite like compound having an XRD pattern which has a 2 theta peak 
position that reasonably resembles, or is nearly identical to, that found in ICDD card 35-965; 
ICDD Card No. 22-0700; ICDD Card No. 35-1275; or ICDD Card No. 35-0964, and a support, 
such as those described herein. In this embodiment, the gasoline sulfur reduction additive can 
optionally further comprise one or more metallic oxidants. 
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[0028] In another embodiment, the invention provides a gasoline sulfur reduction additive 
comprising a hydrotalcite like compound having an XRD pattern which has a 2 theta peak 
position that reasonably resembles, or is nearly identical to, that found in ICDD card 35-965; 
ICDD Card No. 22-0700; ICDD Card No. 35-1275; or ICDD Card No. 35-0964; and at least one 
metallic oxidant. The metal in the metallic oxidant can be antimony, bismuth, cadmium, cerium, 
chromium, cobalt, copper, dysoprosium, erbium, europium, gadolinium, germanium, gold, 
holmium, iridium, iron, lanthanum, lead, manganese, molybdenum, neodymium, nickel, 
niobium, osmium, palladium, platinum, praseodymium, promethium, rhenium, rhodium, 
ruthenium, samarium, scandium, selenium, silicon, silver, sulfur, tantalum, tellurium, terbium, 
tin, titanium, tungsten, thulium, vanadium, ytterbium, yttrium, zinc, or a mixture of two or more 
thereof. In another embodiment, the metal in the metallic oxidant is cerium, vanadium, 
platinum, palladium, rhodium, iridium, molybdenum, tungsten, copper, chromium, nickel, 
manganese, cobalt, iron, ytterbium, uranium or a mixture of two or more thereof. In one 
embodiment, the metal in the metallic oxidant is cerium, vanadium, cobalt, copper, platinum, 
tungsten, or a mixture of two or more thereof. In this embodiment of the invention, the gasoline 
sulfur reduction additive can optionally further comprise a support. 

[0029] In another embodiment, the invention provides a gasoline sulfur reduction additive 
comprising at least one hydrotalcite like compound having an XRD pattern displaying at least a 
reflection at a 2 theta peak position of about 1 1 degrees, about 23 degrees and about 34 degrees. 
Methods for making these hydrotalcite like compounds and collapsed hydrotalcite like 
compounds are described above and in U.S. Patent Nos. 6,028,023 and 6,479,421, the 
disclosures of which are incorporated by reference herein in their entirety. In one embodiment, 
the hydrotalcite like compound having an XRD pattern displaying at least a reflection at a 2 theta 
peak position of about 1 1 degrees, about 23 degrees and about 34 degrees can be used per se as 
the gasoline sulfur reduction additive. In this embodiment of the invention, the gasoline sulfur 
reduction additive can optionally further comprise a support and/or one more metallic oxidants. 

[0030] In another embodiment, the invention provides a gasoline sulfur reduction additive 
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comprising at least one hydrotalcite like compound having an XRD pattern displaying at least a 
reflection at a 2 theta peak position of about 1 1 degrees, about 23 degrees and about 34 degrees, 
and at least one metallic oxidant. The metal in the metallic oxidant can be antimony, bismuth, 
cadmium, cerium, chromium, cobalt, copper, dysoprosium, erbium, europium, gadolinium, 
germanium, gold, holmium, iridium, iron, lanthanum, lead, manganese, molybdenum, 
neodymium, nickel, niobium, osmium, palladium, platinum, praseodymium, promethium, 
rhenium, rhodium, ruthenium, samarium, scandium, selenium, silicon, silver, sulfur, tantalum, 
tellurium, terbium, tin, titanium, tungsten, thulium, vanadium, ytterbium, yttrium, zinc, or a 
mixture of two or more thereof. In another embodiment, the metal in the metallic oxidant is 
cerium, vanadium, platinum, palladium, rhodium, iridium, molybdenum, tungsten, copper, 
chromium, nickel, manganese, cobalt, iron, ytterbium, uranium or a mixture of two or more 
thereof. In one embodiment, the metal in the metallic oxidant is cerium, vanadium, cobalt, 
copper, platinum, tungsten, or a mixture of two or more thereof. In this embodiment of the 
invention, the gasoline sulfur reduction additive optionally further comprises a support. 

[0031] In another embodiment, the invention provides a gasoline sulfur reduction additive 
comprising a hydrotalcite-like compound comprising a magnesium-containing compound and an 
aluminum-containing compound, wherein the molar ratio of Mg: Al is from 1:1 to 10: 1 ; from 1 : 1 
to 6:1, or from 1.5:1 to 6:1, or from 2:1 to 5:1. The hydrotalcite like compound has an X-ray 
diffraction pattern displaying at least a reflection at a two theta peak position between 8 and 15 
degrees. Methods for making this hydrotalcite like compound are described in U.S. Patent Nos. 
6,028,023 and 6,479,421, the disclosures of which are incorporated by reference herein in their 
entirety. In one embodiment, the hydrotalcite like compound can be used per se as the gasoline 
sulfur reduction additive. In this embodiment of the invention, the gasoline sulfur reduction 
additive can optionally further comprise a support, such as those described herein, and/or one or 
more metallic oxidants, such as those described herein. 

[0032] In other embodiments, the invention provides gasoline sulfur reduction additives 
comprising mixed metal oxide compounds, also referred to as precursors of hydrotalcite like 

12 

Express Mail Label No.: EV 324105865 US 



Application of A. Vierheilig et al. 
Filed: December 31, 2003 
Docket No.: 113222-146 

compounds herein, produced, for example, by the following process: 

(a) reacting an aqueous mixture comprising at least one divalent metal compound and 
at least one trivalent metal compound to produce a mixed metal oxide compound in the form of 
an aqueous slurry; 

(b) optionally heat treating the mixed metal oxide compound from step (a) at a 
temperature up to about 225 °C to produce a heat-treated mixed metal oxide compound in the 
form of an aqueous slurry; 

(c) drying the heat-treated compound from step (b) to produce one or more shaped 
bodies of the mixed metal oxide compound; and, optionally, 

(d) heat treating the compound from step (c) at a temperature of about 300°C or 
higher to produce one or more calcined shaped bodies of a mixed metal oxide compound. In 
some embodiments, the heating of step (d) is optional. In other embodiments of the invention, 
step (a) can result in the production of minor amounts (e.g., 15% or less; 10% or less; 5% or less; 
1% or less) of hydrotalcite like compounds. In other embodiments, step (a) produces 
substantially no hydrotalcite like compounds. Methods for making these mixed metal oxide 
compounds are described in U.S. Patent Nos. 6,028,023 and 6,479,421, the disclosures of which 
are incorporated by reference herein in their entireties. The mixed metal oxide compounds of 
this invention, also referred to as precursors of hydrotalcite like compounds, do not derive 
predominantly from hydrotalcite like compounds. 

[0033] Steps (a)-(d) can be conducted in a continuous and/or batch wise manner. The terms 
"aqueous slurry" and "slurry" include, for example, sol solutions, gels and pastes. In the methods 
of making the shaped bodies of the mixed metal oxide compounds of the invention, a solvent can 
optionally be added to the slurry during the heat treatment of step (b). The solvent can be, for 
example, acetic acid, propionic acid, formic acid, butyric acid, valeric acid, nitric acid, 
ammonium hydroxide, water, and the like. In one embodiment, the solvent is acetic acid. 

[0034] In the above method, prior to step (a), the divalent metal compound can be prepared in 
the form of a slurry, and the trivalent metal compound can be prepared in the form of a slurry. 
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The divalent metal compound and the trivalent metal compound can be separately prepared in 
the form of a slurry, and then mixed together; or a mixture containing the divalent metal 
compound and the trivalent metal compound can be prepared by simultaneously or concurrently 
mixing the compounds together in the form of a slurry. 

[0035] In one embodiment, the aqueous mixture in step (a) of the method of preparing mixed 
metal oxide compounds can further comprise one or more other metal components such as 
metals of antimony, bismuth, cadmium, cerium, chromium, cobalt, copper, dysoprosium, erbium, 
europium, gadolinium, germanium, gold, holmium, iridium, iron, lanthanum, lead, manganese, 
molybdenum, neodymium, nickel, niobium, osmium, palladium, platinum, praseodymium, 
promethium, rhenium, rhodium, ruthenium, samarium, scandium, selenium, silicon, silver, 
sulfur, tantalum, tellurium, terbium, tin, titanium, tungsten, thulium, vanadium, ytterbium, 
yttrium, zinc, or a mixture of two or more thereof. The metals can be in an elemental state 
and/or can be in the form of metal oxides, metal sulfides, metal halides, or mixtures of two or 
more thereof. In one embodiment, the aqueous reaction mixture further comprises copper (e.g., 
CuO), cobalt (e.g., CoO), vanadium (e.g., V 2 0 5 ), titanium (Ti0 2 ), lanthanum (La 2 03), cerium 
(e.g., CeCb), tungsten, or a mixture of two or more thereof. In another embodiment, the aqueous 
reaction mixture further comprises copper (e.g., CuO), cobalt (CoO), vanadium (e.g., V2O5), 
cerium (e.g., Ce02), or a mixture of two or more thereof. The one or more metal components (or 
oxide, sulfides, and/or halides thereof) can be present in the aqueous reaction mixture in an 
amount up to about 40% by weight; or from about 1% to about 25% by weight; or from about 
2% to about 20% by weight, calculated as the oxide equivalent. The one or more other metal 
components can be added to the aqueous reaction mixture at the same time as the at least one 
divalent metal compound and the at least one trivalent metal compound are being mixed together 
to form the aqueous slurry. 

[0036] Step (b) of heat treating the aqueous slurry in the above method can be conducted by heat 
treating the aqueous slurry at a temperature of about 50°C to less than 225°C; at a temperature of 
about 60°C to about 200°C; at a temperature of about 70°C to about 150°C; at a temperature of 
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about 75°C to about 100°C; or at a temperature of about 80°C to about 85°C The low 
temperature heat treating step can be conducted for about 10 minutes to about 24 hours or more. 
The low temperature heat treatment is generally conducted in air or an inert atmosphere, and at 
atmospheric pressures. In one embodiment, the step of low temperature heat treatment is 
accomplished using steam injection, jacketing, heat coils, and/or autoclave. The low temperature 
heat treatment does not result in a dry compound, but instead is in the form of a heat-treated, 
aqueous slurry. 

[0037] In another embodiment, the one or more other metal components (e.g., metals, oxides, 
sulfides and/or halides of antimony, bismuth, cadmium, cerium, chromium, cobalt, copper, 
dysoprosium, erbium, europium, gadolinium, germanium, gold, holmium, iridium, iron, 
lanthanum, lead, manganese, molybdenum, neodymium, nickel, niobium, osmium, palladium, 
platinum, praseodymium, promethium, rhenium, rhodium, ruthenium, samarium, scandium, 
selenium, silicon, silver, sulfur, tantalum, tellurium, terbium, tin, titanium, tungsten, thulium, 
vanadium, ytterbium, yttrium, zinc, or a mixture of two or more thereof) can be added to the 
aqueous slurry before, during and/or after step (b) of the above method of mixed metal oxide 
compound production. 

[0038] After conducting the low temperature heat treatment, the heat-treated, aqueous slurry is 
dried. The drying step can be accomplished by, for example, spray drying, drum drying, flash 
drying, tunnel drying, and the like. In one embodiment, the drying step is accomplished by spray 
drying. Upon drying, the mixed metal oxide compounds can be in the form of shaped bodies 
(e.g., particles, grains, pellets, powders, extrudate, spheres, granules, and mixtures of two or 
more thereof). The drying step can optionally be used to create shaped bodies having particular 
shapes of interest. The dried mixed metal oxide compounds described herein can be used in an 
FCC unit to reduce sulfur from gasoline. 

[0039] Step (d) of the method of producing mixed metal oxides can also be conducted at a 
temperature from about 300°C to about 1,600°C; or about 300°C to about 850°C; or about 400°C 
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to about 500°C. In other embodiments, step (d) is conducted at a temperature from about 300°C 
to about 850°C; or about 500°C to about 850°C; or about 550°C to about 850°C; or about 600°C 
to about 850°C. The high temperature heat treatment is generally conducted in air at 
atmospheric pressures. The high temperature heat treatment step can be conducted for about 10 
minutes to about 24 hours or more; from about 1 hour to about 18 hours; or from about 1 hour to 
about 10 hours. The high temperature heat treatment step can be conducted in air, in an inert 
environment, in an oxidizing environment (e.g., higher amounts of oxygen than that found in 
"normal" air), or in a reducing environment. In one embodiment, the high temperature heat 
treatment step is conducted in air. The calcined mixed metal oxide compounds described herein 
can be used in an FCC unit to reduce sulfur in gasoline. 

[0040] The dried and/or calcined shaped bodies comprising mixed metal oxide compounds 
generally have an attrition less than 4; less than 3; less than 2.5, less than 2.4, less than 2.3, less 
than 2.2, or less than 2.1; preferably less than 2; less than 1.9; less than 1.8; less than 1.7, less 
than 1.6 or less than 1.5. In other embodiments, the attrition of the mixed metal oxide can be 
less than 1.4; less than 1.3; less than 1.2; less than 1.1; less than 1.0; less than 0.9; less than 0.8; 
or less than 0.7. The attrition of the mixed metal oxide compounds is measured by the ASTM 
D5757 method between the first and second hours or between the first and fifth hours. 

[0041] In one embodiment, the mixed metal oxide is a solid solution magnesium aluminate 
comprising magnesium and aluminum in a ratio of about 1.1 to about 6: 1, wherein the calcined 
form of the solid solution magnesium aluminate has an X-ray diffraction pattern displaying at 
least a reflection at a two theta peak position at about 43 degrees and about 62 degrees. In other 
embodiments, the ratio of magnesium to aluminum is 1:1 to 6:1; 1.1:1 to 6:1; 1.2:1 to 5:1; 1.3:1 
to 5:1; 1.4:1 to 5:1; 1.5:1 to 5:1; 1.6:1 to 5:1; 1.7:1 to 5:1; 1.8:1 to 5:1; 1.9:1 to5:l;or2:l to 5:1. 
The composition, as a whole, can comprise magnesium in an amount of at least 38% by weight 
calculated as the oxide equivalent (i.e., MgO). Alternatively, the composition, as a whole, can 
comprise magnesium in an amount of at least 39% by weight, 40% by weight, 41% by weight, 
42% by weight, 43% by weight, 44% by weight, 45% by weight, or 50% by weight, calculated as 
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the oxide equivalent (i.e., MgO). The solid solution can be in the form of a slurry, dried shaped 
bodies and/or calcined shaped bodies. The solid solution can be used in the methods described 
herein by itself or the solid solution can be used in a composition that contains other components 
(e.g., metallic oxidants and/or supports). 

[0042] The shaped bodies can comprise the solid solution magnesium aluminate, one or more 
metallic oxidants, and, optionally, a support; where the metal in the metallic oxidant is antimony, 
bismuth, cadmium, cerium, chromium, cobalt, copper, dysoprosium, erbium, europium, 
gadolinium, germanium, gold, holmium, iridium, iron, lanthanum, lead, manganese, 
molybdenum, neodymium, nickel, niobium, osmium, palladium, platinum, praseodymium, 
promethium, rhenium, rhodium, ruthenium, samarium, scandium, selenium, silicon, silver, 
sulfur, tantalum, tellurium, terbium, tin, titanium, tungsten, thulium, vanadium, ytterbium, 
yttrium, zinc, or a mixture of two or more thereof. In one embodiment, the composition 
comprises copper (e.g., CuO), cobalt (e.g., CoO), vanadium (e.g., V 2 0 5 ), titanium (Ti0 2 ), 
lanthanum (La2C>3), cerium (e.g., CeC>2), tungsten, or a mixture of two or more thereof. In 
another embodiment, the composition comprises copper (e.g., CuO), cobalt (CoO), vanadium 
(e.g., V2O5), cerium (e.g., Ce02), or a mixture of two or more thereof. In another embodiment, 
the composition comprises copper (e.g., CuO) and/or cobalt (CoO). In another embodiment, the 
composition comprises vanadium (e.g., V2O5) and/or cerium (e.g., Ce0 2 ). The support can be a 
spinel and/or a hydrotalcite like compound. 

[0043] The divalent metal cation in the divalent metal compound can be, for example, Mg 2+ , 
Ca 2+ , Zn 2+ , Mn 2+ , Co 2+ , Ni 2+ , Sr 2+ , Ba 2+ , Cu 2+ or a mixture of two or more thereof. In one 
embodiment, the divalent metal cation is Mg . Divalent metal compounds are well known in 
the art. Exemplary divalent metal compounds containing Mg 2 * include magnesium oxide, 
magnesium hydroxy acetate, magnesium acetate, magnesium hydroxide, magnesium nitrate, 
magnesium hydroxide, magnesium carbonate, magnesium formate, magnesium chloride, 
magnesium aluminate, hydrous magnesium silicate, magnesium calcium silicate, and mixtures of 
two or more thereof. 
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[0044] The trivalent metal cation in the trivalent metal compound can be, for example, Al 3+ , 
Mn 3+ , Fe 3+ , Co 3+ , Ni 3+ , Cr 3+ , Ga 3+ , B 3+ , La 3+ , Gl 3+ or a mixture of two or more thereof. In one 
embodiment, the trivalent metal cation is Al 3+ . Trivalent metal compounds are well known in 
the art. Exemplary trivalent metal compounds containing Al 3+ include aluminum hydroxide 
hydrate, aluminum oxide, aluminum acetate, aluminum nitrate, aluminum hydroxide, aluminum 
carbonate, aluminum formate, aluminum chloride, hydrous aluminum silicate, aluminum calcium 
silicate, and mixtures of two or more thereof. 

[0045] In the mixed metal oxide compounds of the invention, the ratio of the divalent metal 
cation (e.g., Mg 2+ ) to the trivalent metal cation (e.g., Al 3+ ) can be from about 1:1 to about 10:1; 
from about 1 . 1 : 1 to about 6: 1 ; about 1 .2: 1 to about 5:1; about 1 .3 : 1 to about 5:1; about 1 .4: 1 to 
about 5:1; about 1.5:1 to about 5:1; about 1.6:1 to about 5:1; about 1.7:1 to about 5:1; about 1.8:1 
to about 5:1; about 1.9: 1 to about 5: 1 ; or about 2: 1 to about 5:1. In certain embodiments, the 
ratio can be from about 1:1 to about 10:1; from about 1:1 to about 6:1; from about 1.5:1 to about 
6: 1 ; or from about 2: 1 to about 5:1. 

[0046] In one embodiment, the invention provides a gasoline reduction additive comprising a 
mixed metal oxide solid solution, where the ratio of the divalent metal cation (e.g., Mg, Ca, Zn, 
Mn, Co, Ni, Sr, Ba, Cu or a mixture of two or more thereof) to the trivalent metal cation (e.g., 
Al, Mn, Fe, Co, Ni, Cr, Ga, B, La, Ce or a mixture of two or more thereof) is from about 1: 1 to 
about 10:1; from about 1:1 to about 6:1; from about 1.5:1 to about 6:1; or from about 2:1 to 
about 5:1. In one embodiment, the mixed metal oxide solid solution of the invention is not 
derived from a hydrotalcite like compound. In another embodiment, the mixed metal oxide 
solid solution can be used per se as the gasoline sulfur reduction additive. In this embodiment of 
the invention, the gasoline sulfur reduction additive can optionally further comprise a support, 
such as those described herein, and/or one or more metallic oxidants, such as those described 
herein. 

[0047] In another embodiment, the invention provides a gasoline reduction additive comprising a 
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magnesium aluminate solid solution comprising magnesium and aluminum in a ratio of about 1.1 
to about 10:1 and having an X-ray diffraction pattern displaying at least a reflection at a two 
theta peak position at about 43 degrees and about 62 degrees. In other embodiments, the ratio of 
magnesium to aluminum is 1:1 to 6:1; 1.1 to 6:1; 1.5:1 to 5:1; or 2:1 to 5:1; or 2:1 to 4:1. The 
solid solution can be in the form of a slurry, dried shaped bodies and/or calcined shaped bodies. 
In one embodiment, the magnesium aluminate solid solution of the invention is not derived from 
a hydrotalcite like compound. In another embodiment, the magnesium aluminate solid solution 
can be used per se as the gasoline sulfur reduction additive. 

[0048] In another embodiment, the invention provides a gasoline sulfur reduction additive 
comprising a support and a magnesium aluminate solid solution comprising magnesium and 
aluminum in a ratio of about 1.1 to about 10:1 and having an X-ray diffraction pattern displaying 
at least a reflection at a two theta peak position at about 43 degrees and about 62 degrees. In 
other embodiments, the ratio of magnesium to aluminum is 1:1 to 6:1; 1.1 to 6:1; 1.5:1 to 5:1; or 
2:1 to 5:1. The solid solution can be in the form of a slurry, dried shaped bodies and/or calcined 
shaped bodies. In one embodiment, the magnesium aluminate compound of the invention is not 
derived from a hydrotalcite like compound. The support can be, for example, spinels, magnesia, 
magnesium acetates, magnesium nitrates, magnesium chlorides, magnesium hydroxides, 
magnesium carbonates, magnesium formates, magnesium aluminates, hydrous magnesium 
silicates, magnesium silicates, magnesium calcium silicates, aluminum silicates, boria, calcium 
silicates, alumina, aluminum titanates, zinc titanates, aluminum zirconates, calcium oxides, 
calcium aluminates, aluminum nitrohydrates, aluminum hydroxide compounds, aluminum- 
containing metal oxide compounds (e.g., other than alumina or aluminum hydroxide 
compounds), aluminum chlorohydrates, silicas, silicon-containing compounds other than silicas, 
silica/aluminas, alumina, titania, zirconia, clays (e.g., halloysite, rectorite, hectorite, 
montmorillinite, synthetic montmorillinite, sepiolite, activated sepeolite, kaolin, kieselguhr, 
celite, bastnasite), clay phosphate materials, zeolites (e.g., ZSM-5), and the like. In this 
embodiment, the gasoline sulfur reduction additive can optionally further comprise one or more 
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metallic oxidants. 

[0049] In another embodiment, the invention provides a gasoline sulfur reduction additive 
comprising at least one metallic oxidant and a magnesium aluminate solid solution comprising 
magnesium and aluminum in a ratio of about 1 : 1 to about 10: 1 and having an X-ray diffraction 
pattern displaying at least a reflection at a two theta peak position at about 43 degrees and about 
62 degrees. In other embodiments, the ratio of magnesium to aluminum is 1:1 to 6:1; 1.1 to 6:1; 
1.5:1 to 5:1; or 2:1 to 5:1. The solid solution can be in the form of a slurry, dried shaped bodies 
and/or calcined shaped bodies. In one embodiment, the magnesium aluminate compound of the 
invention is not derived from a hydrotalcite like compound. The metal in the metallic oxidant 
can be antimony, bismuth, cadmium, cerium, chromium, cobalt, copper, dysoprosium, erbium, 
europium, gadolinium, germanium, gold, holmium, iridium, iron, lanthanum, lead, manganese, 
molybdenum, neodymium, nickel, niobium, osmium, palladium, platinum, praseodymium, 
promethium, rhenium, rhodium, ruthenium, samarium, scandium, selenium, silicon, silver, 
sulfur, tantalum, tellurium, terbium, tin, titanium, tungsten, thulium, vanadium, ytterbium, 
yttrium, zinc, or a mixture of two or more thereof. In another embodiment, the metal in the 
metallic oxidant is cerium, vanadium, platinum, palladium, rhodium, iridium, molybdenum, 
tungsten, copper, chromium, nickel, manganese, cobalt, iron, ytterbium, uranium or a mixture of 
two or more thereof. In one embodiment, the metal in the metallic oxidant is cerium, vanadium, 
cobalt, copper, platinum, tungsten, or a mixture of two or more thereof. In this embodiment of 
the invention, the gasoline sulfur reduction additive optionally further comprises a support. 

[0050] In another embodiment, the invention provides methods for reducing gasoline sulfur by 
contacting a mixed metal oxide compound with a catalytic cracking feedstock. The mixed metal 
oxide compound can be a magnesium aluminate compound or can be in the form of a solid 
solution. The mixed metal oxide compounds can be in the form of shaped bodies, which can be 
dried, calcined or a mixture thereof. 

[0051] In another embodiment, the invention provides methods for reducing gasoline sulfur by 
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adding one or more shaped bodies comprising mixed metal oxide compounds and one or more 
metallic oxidants to the catalytic cracking feedstock. The mixed metal oxide compound can be a 
magnesium aluminate compound or can be in the form of a solid solution. The mixed metal 
oxide compounds can be in the form of shaped bodies, which can be dried, calcined or a mixture 
thereof. The metal in the metallic oxidant is antimony, bismuth, cadmium, cerium, chromium, 
cobalt, copper, dysoprosium, erbium, europium, gadolinium, germanium, gold, holmium, 
iridium, iron, lanthanum, lead, manganese, molybdenum, neodymium, nickel, niobium, osmium, 
palladium, platinum, praseodymium, promethium, rhenium, rhodium, ruthenium, samarium, 
scandium, selenium, silicon, silver, sulfur, tantalum, tellurium, terbium, tin, titanium, tungsten, 
thulium, vanadium, ytterbium, yttrium, zinc, or a mixture of two or more thereof. In one 
embodiment, the shaped bodies are dried, calcined or a mixture thereof. 

[0052] In another embodiment, the invention provides methods for reducing gasoline sulfur by 
adding one or more shaped bodies comprising mixed metal oxide compounds and a support to 
the catalytic cracking feedstock. The mixed metal oxide compound can be a magnesium 
aluminate compound or can be in the form of a solid solution. In addition, the shaped bodies can 
be dried, calcined or a mixture thereof. In this embodiment, the support can be a spinel, a 
hydrotalcite like compound, magnesium acetate, magnesium nitrate, magnesium chloride, 
magnesium hydroxide, magnesium carbonate, magnesium formate, aluminum titanate, zinc 
titanate, zinc aluminate, zinc titanate/zinc aluminate, aluminum zirconate, calcium oxide, 
calcium aluminate, aluminum nitrohydrate, aluminum hydroxide compound, aluminum- 
containing metal oxide compound (e.g., other than alumina or aluminum hydroxide compounds), 
aluminum chlorohydrate, titania, zirconia, clay (e.g., halloysite, rectorite, hectorite, 
montmorillinite, synthetic montmorillinite, sepiolite, activated sepiolite, kaolin), clay phosphate 
material, zeolite, or a mixture of two or more thereof. In one embodiment, the shaped bodies can 
are dried, calcined or a mixture thereof. 

[0053] In another embodiment, the invention provides methods for reducing gasoline sulfur by 
adding one or more shaped bodies comprising mixed metal oxide compounds; one or more 
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metallic oxidants; and a support to the catalytic cracking feedstock. The mixed metal oxide 
compound can be a magnesium aluminate compound or can be in the form of a solid solution. In 
addition, the shaped bodies can be dried, calcined or a mixture thereof. 

[0054] In another embodiment, the invention provides methods for reducing gasoline sulfur by 
adding one or more shaped bodies comprising about 99 wt% to about 1 wt% mixed metal oxide 
compounds and about 1 wt% to about 99 wt% hydrotalcite like compounds to the catalytic 
cracking feedstock. The mixed metal oxide compound can be a magnesium aluminate 
compound or can be in the form of a solid solution. In addition, the shaped bodies can be dried, 
calcined or a mixture thereof. 

[0055] In another embodiment, the invention provides methods for reducing gasoline sulfur by 
adding one or more shaped bodies comprising (i) about 99 wt% to about 1 wt% mixed metal 
oxide compounds, (ii) about 1 wt% to about 99 wt% hydrotalcite like compounds, and (iii) one 
or more metallic oxidants to the catalytic cracking feedstock. The mixed metal oxide compound 
can be a magnesium aluminate compound or can be in the form of a solid solution. In one 
embodiment, the mixed metal oxide is a precursor to a hydrotalcite like compound. In addition, 
the shaped bodies can be dried, calcined or a mixture thereof. The metal in the metallic oxidant 
can be antimony, bismuth, cadmium, cerium, chromium, cobalt, copper, dysoprosium, erbium, 
europium, gadolinium, germanium, gold, holmium, iridium, iron, lanthanum, lead, manganese, 
molybdenum, neodymium, nickel, niobium, osmium, palladium, platinum, praseodymium, 
promethium, rhenium, rhodium, ruthenium, samarium, scandium, selenium, silicon, silver, 
sulfur, tantalum, tellurium, terbium, tin, titanium, tungsten, thulium, vanadium, ytterbium, 
yttrium, zinc, or a mixture of two or more thereof. 

[0056] In another embodiment, the invention provides methods for reducing gasoline sulfur by 
adding one or more shaped bodies comprising (i) about 99 wt% to about 1 wt% mixed metal 
oxide compounds, (ii) about 1 wt% to about 99 wt% hydrotalcite like compounds, and (iii) a 
support oxidants to the catalytic cracking feedstock. The mixed metal oxide compound can be a 
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magnesium aluminate compound or can be in the form of a solid solution. In one embodiment, 
the mixed metal oxide is a precursor to a hydrotalcite like compound. In addition, the shaped 
bodies can be dried, calcined or a mixture thereof. The support can be a spinel, hydrotalcite like 
compound, magnesium acetate, magnesium nitrate, magnesium chloride, magnesium hydroxide, 
magnesium carbonate, magnesium formate, aluminum titanate, zinc titanate, zinc aluminate, zinc 
titanate/zinc aluminate, aluminum zirconate, calcium oxide, calcium aluminate, aluminum 
nitrohydrate, aluminum hydroxide compound, aluminum-containing metal oxide compound 
(e.g., other than alumina or aluminum hydroxide compounds), aluminum chlorohydrate, titania, 
zirconia, clay (e.g., halloysite, rectorite, hectorite, montmorillinite, synthetic montmorillinite, 
sepiolite, activated sepiolite, kaolin), clay phosphate material, zeolite, or a mixture of two or 
more thereof. 

[0057] In another embodiment, the invention provides methods for reducing gasoline sulfur by 
adding one or more shaped bodies comprising (i) about 99 wt% to about 1 wt% mixed metal 
oxide compounds, (ii) about 1 wt% to about 99 wt% hydrotalcite like compounds, (iii) one or 
more metallic oxidants, and (iv) a support to the catalytic cracking feedstock. The mixed metal 
oxide compound can be a magnesium aluminate compound or can be in the form of a solid 
solution. In one embodiment, the mixed metal oxide is a precursor to a hydrotalcite like 
compound. In addition, the shaped bodies can be dried, calcined or a mixture thereof. 

[0058] The gasoline sulfur reduction additives of the invention can comprise one or more 
metallic oxidants in an amount of about 0.01% by weight or more; about 0.1% by weight or 
more; about 1% by weight or more; about 5% by weight or more; about 10% by weight or more; 
about 15% by weight or more; about 20% by weight or more; about 25% by weight or more; or 
about 30% by weight or more, calculated as the oxide equivalent. In other embodiments, the 
metal in the metallic oxidant can be present in an amount of about 0.1% by weight to about 75% 
by weight; from about 1% by weight to about 50% by weight; from about 1% by weight to about 
40% by weight; or from about 1% by weight to about 30% by weight, calculated as the oxide 
equivalent. In other embodiments, the metal in the metallic oxidant can be present in an amount 
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of at least 15% by weight to about 50% by weight; from at least 15% by weight to about 40% by 
weight; or from about 20% by weight to about 30% by weight, calculated as the oxide 
equivalent. 

[0059] The metals in the metallic oxidant may be used in their metallic form (e.g., metallic 
platinum) and/or in chemically compounded forms (e.g., in the form of their oxides). When the 
metals are used to make the additive of the invention, they may be in various salt forms, e.g., 
oxides, nitrates, acetates, and carbonates. For example, cerium can be used as a starting material 
in the reactions leading to the additives of the invention in the form of ceria, cerium acetate, 
cerium nitrate and/or cerium carbonate. Similarly, vanadium can be used as a starting material in 
the reactions leading to the additives of the invention in the form of vanadium oxide, and/or the 
decomposition products of various vanadium salts such as those of ammonium vanadate or 
vanadium oxalate. 

[0060] The calcination step of the processes used to make the additives of the invention can also 
serve to convert any non-oxide ingredients (e.g., cerium acetate, cerium nitrate, cerium 
carbonate) used as a starting material into their oxide forms (e.g., cerium acetate, cerium nitrate, 
cerium carbonate will be converted to cerium oxide upon calcination). The metals in the metallic 
oxidants of the invention can be associated with the support by placing them in the reaction 
mixture along with the support ingredients; or they may be made by impregnating solutions 
containing ions of these metals into a dried form of materials forming the support. 

[0061] One skilled in the art can make the compounds and compositions of the invention 
following the processes described herein and in U.S. Patent No. 6,028,023, for example, the 
disclosure of which is incorporated by reference herein in its entirety. 

[0062] The gasoline sulfur reduction additives of the invention can be in the form of shaped 
bodies (e.g., particles, grains, pellets, powders, extrudate, spheres, granules, other shapes, or 
mixtures of two or more thereof). The gasoline sulfur reduction additives can be dried materials, 
calcined materials, hydrated materials, or mixtures of two or more thereof. 
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[0063] The gasoline sulfur reduction additives of the invention generally have an attrition of 
about 4 or less; about 3 or less; about 2.5 or less; about 2.4 or less; about 2.3 or less; about 2.2 or 
less; about 2.1 or less; about 2 or less; about 1.9 or less; about 1.8 or less; about 1.7 or less; about 
1.6 or less; or about 1.5 or less. In other embodiments, the attrition of the gasoline sulfur 
reduction additives can be about 1.4 or less; about 1.3 or less; about 1.2 or less; about 1.1 or less; 
or about 1.0 or less. The attrition is measured by the ASTM D5757 method between the first and 
second hours or between the first and fifth hours. 

[0064] The gasoline sulfur reduction additives of the invention can be added to any conventional 
reactor-regenerator systems, to ebullating catalyst bed systems, to systems which involve 
continuously conveying or circulating catalysts/additives between reaction zone and regeneration 
zone and the like. Circulating bed systems are preferred. Typical of the circulating bed systems 
are the conventional moving bed and fluidized bed reactor-regenerator systems. Both of these 
circulating bed systems are conventionally used in hydrocarbon conversion (e.g., hydrocarbon 
cracking) operations with the fluidized catalyst bed reactor-regenerator systems being preferred. 

[0065] To reduce the sulfur from gasoline, the additives herein are introduced into the 
regenerator and/or reactor of the FCC unit and are continuously cycled between the FCC reactor 
and the regenerator. The gasoline sulfur reduction additives can be used in an amount of at least 
1 ppm; at least 2 ppm; or at least 5 ppm; in an amount of at least about 5% of the inventory of the 
regenerator; or in an amount of at least about 10% of the inventory of the regenerator. 

Examples 

[0066] The following examples are for purposes of illustration only and are not intended to limit 
the scope of the appended claims. 

Example 1 

[0067] Additives A-D were prepared and mixed at a concentration of 20 weight percent with a 
low metals equilibrium catalyst obtained from a commercial FCC unit. The resulting mixture 
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was then run on a commercial laboratory FCC simulation reactor (Kayser Technologies, Inc, 
Model ACE R+). The resulting liquid product was analyzed on a Agilent 6890 gas 
chromatograph coupled to a HP/Agilent Atomic Emission Detector for quantification of sulfur 
species. The sulfur content measured was normalized to the total yield of gasoline measured on 
an Agilent 6890 SEMDIS (manufactured by from Agilent and Separation Systems Inc.). The 
results of the sulfur reduction analysis and obtained from the Agilent 6890 SIMDIS system are 
shown in Table 1 below. The percent gasoline sulfur reduction was calculated by comparing the 
results obtained for each additive composition to a base equilibrium catalyst sample containing 
no gasoline sulfur additive. In order to minimize the effects of dilution, the base-case 
equilibrium catalyst sample contained 20% of clay-based microspheres which possessed minimal 
activity. This base-case sample is shown as Additive E in Table 1. 



Table 1: Gasoline Sulfur Reduction 



Additive 


Gasoline (wt%) 


Normalized Sulfur in 
Gasoline (ng/ul) 


Normalized Gasoline 
Sulfur Reduction (%) 


A 


56.5 


472.0 


8.1 


B 


58.3 


464.2 


9.6 


C 


59.1 


470.5 


8.3 


D 


57.9 


477.3 


7.0 


E (no additive) 


51.8 


513.4 


0.0 



[0068] The sulfur reduction additives as set forth in Tables 1-3 are described below: 
Additive A 

[0069] Additive A is SUPER SOXGETTER® (commercially available from Intercat, Inc.) 
which is a collapsed hydrotalcite-like compound containing cerium and vanadium as the metallic 
oxidants and having a magnesium to aluminum ratio of about 4: 1. The approximate quantity of 
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cerium and vanadium, represented by its oxide equivalent is 15% CeC>2 and 4% V 2 0 5 . The 
composition was prepared as disclosed in U.S. Patent No. 6,028,023, using a pseudoboehmite 
alumina and relatively high surface area magnesium oxide. 

Additive B 

[0070] Additive B was prepared by the method described in co-pending patent application U.S. 
Serial No. 60/527,258 and in U.S. Patent No. 6,028,023, the contents of which are incorporated 
by reference herein in their entireties, and is a magnesium aluminum mixed metal oxide 
composition prepared at an atomic ratio of magnesium to aluminum of 4.0. It was prepared 
using magnesium oxide (Premier Chemical) and pseudoboehmite alumina (Sasol). On a loss free 
basis, the relative proportions of AI2O3 and MgO were 24 and 76 weight percent, respectively. 
Following preparation, the composition was formed into microspheres with a particle size range 
of about 20 microns to about 200 microns by a spray drying technique. The resulting dried 
product was calcined at 600°C for one hour. 

Additive C 

[0071] Additive C was prepared by a process similar to that of Additive A, except that Additive 
C contained no metallic oxidants. On a loss free basis, the relative proportions of AI2O3 and 
MgO were 24 and 76 weight percent, respectively. Following slurry preparation, the 
composition was formed into microspheres with a particle size range of about 20 microns to 
about 200 microns by a spray drying technique. The resulting dried product was calcined at 
600°C for one hour. Immediately following calcination, the product was fully hydrated using 
water as the medium. The hydrated product was then collapsed at 600°C for one hour. 

Additive D 

[0072] Additive D was prepared by a process similar to that of Additive B, except that 10% 
tungsten oxide was added during the slurry preparation step. On a loss free basis, the relative 
proportions of AI2O3, MgO and WO3 were 21.6, 68.4 and 10.0 weight percent, respectively. 
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[0073] As can be seen from the results in Table 1, the hydrotalcite-like and the mixed metal 
oxide compounds of the invention reduced the concentration of sulfur in the gasoline. 

Example 2 

[0074] Additives A-D were prepared and mixed at a concentration of ten weight percent with a 
low metals equilibrium catalyst obtained from a commercial FCC unit and run on a commercial 
laboratory FCC simulation reactor (Kayser Technologies, Inc, Model ACE R+) as described in 
Example 1 above. The total weight of catalyst or catalyst and additive was about nine grams. 
The ratio of catalyst or catalyst and additive to feedstock oil was about seven. The reactor 
temperature was maintained at about 990 °F. The resulting gaseous and liquid products were 
analyzed. The results of this analysis are shown in Tables 2 and 3 below. The hydrotalcite-like 
and the mixed metal oxide compounds of the invention: reduced bottoms, the liquid product 2 
isolated above about 650 °F; increased catalytic conversion, partly due to the decrease in 
bottoms; increased gaseous product yields as defined by liquefied petroleum gas; increased the 
overall quantity of gasoline produced; and decreased the amount of light cycle oil isolated 
between about 430 °F and about 650 °F. The yield shift summaries in Table 3 were calculated 
by comparing the results obtained for each additive composition to a base equilibrium catalyst 
sample containing no additive. In order to minimize the effects of dilution, the base-case 
equilibrium catalyst sample contained 20% of clay-based microspheres which possessed minimal 
activity. This base-case sample is shown as Additive E in Tables 2 and 3. 
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Table 2. Product Yields with Additives 





Additive 




A 


B 


C 


D 


E(no 












additive) 


Conversion, w% 


74.7 


75.9 


75.0 


75.4 


70.4 


Coke 


8.2 


6.3 


6.0 


6.1 


5.6 


c 2 


2.7 


2.8 


2.6 


2.7 


2.5 


Total C 3 


6.6 


7.1 


6.8 


7.0 


6.4 


c 3 


1.6 


1.8 


1.7 


1.7 


1.6 


c 3 = 


5.0 


5.3 


5.1 


5.3 


4.8 


Total C 4 


11.8 


12.8 


12.4 


12.7 


11.7 


iC 4 


5.0 


5.6 


5.4 


5.4 


4.9 


nC 4 


1.3 


1.5 


1.5 


1.5 


1.3 


Total Butene 


5.5 


5.8 


5.5 


5.8 


5.5 


iC 4 = 


1.3 


1.4 


1.3 


1.4 


1.3 


nC 4 = 


4.1 


4.4 


4.2 


4.5 


4.1 


Liquid Petroleum Gas (LPG) 


18.5 


19.9 


19.2 


19.7 


18.1 


Gasoline 


45.3 


46.9 


47.2 


46.8 


44.2 


Light Cycle Oil (LCO) 


15.3 


14.8 


15.0 


15.2 


15.9 


Bottoms 


10.0 


9.3 


10.0 


9.4 


13.7 


Total 


100.0 


100.0 


100.0 


100.0 


100.0 


Table 3. Yield Shift Summary 




Additive 




A 


B 


C 


D 


E(no 












additive) 


dLPG 


0.4 


1.9 


1.1 


1.7 


0.0 


dGasoline 


1.1 


2.7 


3.0 


2.6 


0.0 


dLCO 


-0.7 


-1.2 


-1.0 


-0.7 


0.0 


dBottoms 


-3.7 


-4.4 


-3.7 


-4.3 


0.0 


dConversion 


4.4 


5.6 


4.6 


5.0 


0.0 


dCoke 


2.6 


0.6 


0.4 


0.5 


0.0 



[0075] All patent applications, published patent applications, issued and granted patents, texts, 
and literature references cited in this specification are hereby incorporated herein by reference in 
their entirety to more fully describe the state of the art to which the present invention pertains. 
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[0076] Various modifications of the invention, in addition to those described herein, will be 
apparent to one skilled in the art from the foregoing description. Such modifications are 
intended to fall within the scope of the appended claims. 
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